Fresh fruits of Dacryodes edulis, also called African pears, in Markudi were characterized in terms of eight physical parameters namely length, mid-length diameter, fruit volume, weight and density, pulp thickness, pulp and seed weight. These were correlated with each other. Then a 3x6 two-factor experiment used to test for effects of initial storage temperature and fruit size on heat of respiration (HOR). HOR was determined by direct measurement of temperature difference in a closed chamber using a thermocouple. It was observed that the pears were of the small size class with thin pulp. Three parameters have high positive correlation with both pulp weight and thickness. Again it was found that size of pears has no significant effects on HOR at α=0.05 while initial temperature has significant effect on HOR. The HOR of pears at 20, 30 and 40°C were 0.0004150, 0.001146 and 0.002480 W/kg respectively while the Q 10 values in the temperature ranges of 20 to 30 and 30 to 40C were 2.76093 and 2.1641 respectively. Based on the values of HOR and Q 10 of African pears it is safe to store at 20°C whereas an increase in storage temperature of 10°C or 20°C could accelerate spoilage three or five times.
INTRODUCTION
African pear, Dacryodes Spp, is an emerging economic fruit tree that can make a great contribution to poverty reduction in countries where it is grown. Although, the African pear is found throughout the tropics, it is grown mostly in the forest zone of Africa (Awono et. al., 2002; Anegbeh et al., 2006) , especially Nigeria and Cameroon, accounting for 60 -70% of world total output (Emebiri and Nwufo, 1990) . Fruits of Dacryodes edulis or Dacryodes parvicarpa, are commonly known as African pear, African plum, native pear and butterfruit. The same African pear fruit is known as safou in Cameroun, 'Ube' in southeastern Nigeria and 'Eleme' in the southwestern Nigeria. Dacryodes species are very nutritious having controversial figures for the proximate analysis. For example, reported that the fruit of African pear has 48% oil, 25.9% protein, 17.9% fiber, 13.5% carbohydrate and vitamins with the oil being rich in amino acids (palmitic, oleic, stearic, linolenic and linoleic) and triglycerides (triacylglycols). In another contribution Onuegbu and Ihediohanma (2008) reported specifically that the African pear pulp has the following result of proximate analysis-protein, 11 to 19%; oil, 18 to 38 %; carbohydrate, 1.36 to 3.8 %; acid, 0.92 to 1.7 % and pulp moisture content of 37 to 53% wet basis. Whereas, Studman (2006) gave the following percentages of 83.2 , 0.7, 0.4, 15.3, 0.4 for water, protein, fat, carbohydrate and minerals respectively with trace elements totaling 30.46 mg/100g for pears generally. African pear can either be eaten raw, boiled in salt water or roasted and eaten with maize (Ndindeng et al., 2008) . Eradicating extreme poverty and hunger is the most important of the Millennium Development Goals (MDGs) that are currently the focus of the international development agenda (Schreckenberg, 2006) and it is expected that pears can greatly contribute to this goal.
There are high prospects for this crop. For example, a study in Cameroon indicated farm-level-value of the fruit production reaching $US 161 annually per grower and the same study put its international trade in 1997 as being worth US$7.5 million (Awono et al., 2002) .
As promising as this crop is it has suffered neglect and tending towards being an endangered specie as suggested in the following scenario. Over two decades ago Emebiri and Nwufo (1990) observed that Nigeria and Cameroon accounts for 60 -70% of world total output yet its production and trade figures have not been able to attain world recognition amongst other pears such as avocado pear, American pear, Australian pear and others as recorded in the FAO STAT (2011). While breeding research would help lift the global production figure of the crop, research in the fields of handling and storage are imperative to make the crop available to consumers beyond the day of harvest, the harvest season as well as the region of production. Personal observation of the investigators is that African pears sometimes cook and may even spoil in packages during transit and in storage in the hot tropical climate. It is suspected that a major contributor to such heat damage could be that it has a high heat of respiration. Wills et al., (1989) indicated that respiration rate of produce is an excellent indicator of metabolic activity of the tissue and thus is a useful guide to the potential storage life of the produce. The storage potential of African pear was investigated by Emebiri and Nwufo (1990) using four fruit types at ambient temperature of 28.5 o C -30 o C, and found that those enclosed in either paper or polythene bags could be stored satisfactorily for 3 -8 days, after which they deteriorate rapidly. Emebiri and Nwufo (1990) also observed that storage life was increased at lower temperatures, but chilling injury occurred at about 5 o C. At 15 o C, fruits dipped in palm oil before being packaged were of better quality and retained their firmness longer than fruit dipped in a 500ppm benlate solution. Storage in moist saw dust, wood shavings and water were the least effective in extending shelf life. In another contribution, (Ndindeng et al., 2007) treated the fruits with SmartFresh® (1-methylcyclopropene), and reported that there was significant increases in fruit shelf life from 3 days to 2 weeks at 25°C, and with more than 95% of the fruits being of good quality. Thus it can be observed that no investigator has paid special attention to heat of respiration of the fruits. Pear fruits are generally known to be climacteric fruits (Wills et al., 1989; Studman, 2006) which suffer chilling injury at about 5 o C (Emebiri and Nwufo, 1990) . Thus, African pear is not only highly perishable but also delicate as the thermocomfort zone within which the shelf life is prolonged is short.
Heat of respiration could be obtained by first having a balanced chemical formula for the respiration reaction. As pear fruit contains both carbohydrate and fatty acids the respiration equations given by Wills et al., (1989) and Baerdemaeker et al., (2006) respectively, for the two nutrients, could be used in the process of physically measuring the amounts of the gases like O 2 and CO 2 , ethylene and H 2 O involved during the respiration process followed by multiplying by the appropriate energy production factor. Besides, Baerdemaeker et al., (2006) indicated that as there is little cell development or growth in stored products, the respiration energy is mainly in the form of heat rather than adenosine triphosphate. A reason that can possibly explain why Alakali et al. (1995) used direct measurement of heat produced to determine the heat of respiration of yams.
There is controversy on sizes of African pear fruits relative to variety. Okafor (1983) identified two distinct varieties in Nigeria on the basis of their size and the relationship between the longitudinal and mid transverse circumferences. Likewise, (Schreckenberg, 2006) distinguished and identified two morphological types in markets in Cameroon. The two varieties are Dacryodes edulis and Dacryodes Parvicarpa . In contrast, reported that there is a continuous variation in fruit size and other fruit characteristics between samples found in Yaoundé Markets, also in Cameroun .
It is therefore, the objectives of this paper are to (i) characterize African pear fruits and (ii) determine the effects of selected initial storage temperatures and fruit size on the heat of respiration of African pear fruits using time-temperature-history in a closed container.
Theoretical Considerations:
In an insulated enclosure, like an air-tight box, containing African pear fruits, a major source of heat is the heat of respiration. Since African pears is rich in carbohydrates, fatty acids and vitamins any or both of the chemical equations given by Wills et al., (1989) and Baerdemaeker et al., (2006) can represent the respiratory metabolism in the fruit. Whichever situation applies, two vital products, heat and water vapour are evolved. This heat of respiration so produced would be used to raise the temperature of both the fruits and air space within the box. As respiration proceeds, the heat of respiration would accumulate over time, t, as would be indicated by a temperature rise in the box above the initial storage temperature.. Because of the difference in temperature between the inside and outside of the box some of the heat of respiration will be lost through conduction to the storage environment. Assuming that the box is not opened during experimentation and there is no other source of heat, then heat of infiltration and miscellaneous heat can be negligible. Also, assuming that air at the various initial storage temperatures have relative humidity prevalent in the laboratory at the time of study which is predominantly approximately 80% in the months of July, August and September in Makurdi (Ijabo, 2010) , and that the water vapour from respiration increases this relative humidity in the storage chamber in the course of air-tight storage to saturation, then, the heat of respiration can be represented by equation 1.
Theoretically, in a box containing graded fruits, volume occupied by the fruits in the box is the product of number of fruits and the mean volume of fruits in the particular class. Taking θ 1 to be 80 % and θ 2 to be 100 %, equation 1 can be rewritten as equation 2.
MATERIALS AND METHODS Materials
Storage box: The necessary storage environment was provided in form of a wooden storage box. These boxes were insulated to minimize heat exchange between the storage and the ambient environment. Foams of 8.44 mm thickness were used to line the inside of the 17.79 mm thick box thereby sealing both the cover of and the main boxes. The wooden material used for the box apart from serving as the framework and outer cover, also served as insulator. The inside walls of the box was further lined with Aluminum foil of 0.02 mm thick to preserve the insulating capacity for the wooden material, by preventing diffusion of water vapour through the walls of the box. If vapour is to be allowed to pass through the walls, it will condense and greatly hamper the insulating capacity of the other insulator.
The dimensions of the boxes and their components were being selected on the bases of the maximum diameter (> 40 mm) and length (> 70 mm) of the pear fruit to be experimented upon.
Pear Fruits: Fresh, intact fruits of Dacryodes edulis variety of African pear, harvested within 18 hours of supply were contract -purchased from dealers in Wadata Market Makurdi, Benue state of Nigeria in the months of August and September 2010. Each batch purchased was kept in the refrigerator for field heat to attain a stable temperature of 8°C. First of all, 100 fruits were characterized in terms of eight parameters namely, length, mid-length diameter, volume, mass, density, pulp thickness, pulp weight and mass of seeds.
The experimental setup is as shown in figure 1 . A DT -830D digital multimeter with a range of 200 -1000mv, direct current voltage (DCV) and 200 -750mV, alternating current voltage (ACV) was used as the thermocouple readout to measure mV followed by appropriate conversion to degree Celsius. Three different air temperature environments were created by using an air conditioned room for 20 0 C which formed the first factor. The second factor was the size class of the fruits at six levels. The samples were packaged according to the size class into the various marked pre-weighed boxes. The size class was based on the fruit character with the highest range. The boxes were then re-weighed. Each of the boxes carried a thermocouple (Type-T junction) inserted through tiny openings of about 5mm in diameter into the boxes. These thermocouples were marked, corresponding to the marked boxes. The thermocouple was calibrated by heating water gradually to the boiling point.
RESULTS AND DISCUSSIONS Characterization of fruits:
The characteristics of the African pears used in this study are given in terms of descriptive statistics shown in Table 1 with density having the widest range followed by length of the fruit. However, since density is a derived parameter length of fruit, which is a single factor, was preferentially used to classify the fruits into the six classes of 21-30, 31-40, 41-50, 51-60, 60-70 and >70 mm used for testing the effect of fruit size on the heat of respiration of African pears. The other mean parameters of the fruit are 52.21 ± 1.58 mm, 26.91 ± 0.89 mm, 31.16 ± 1.28 g, 4.97 ± 0.18 mm, 20.52 ± 1.16 g, 10.62 ± 0.44 g, 3.65 ± 0.37 cm 3 , and 1,078 ± 22.2 kg/m 3 for fruit length, mid-length diameter, weight, pulp thickness, pulp weight, seed weight, volume of fruit and fruit density respectively. Matching the mean parameters in this study, the mean mass is 31.16±12.75 g which is less than the 50 g given by Leaky et al. (2005) as the upper limit for small fruits which is also the upper limit for Ndindeng et. al's (2008) class of very small fruits. Similarly, the mean pulp thickness of 4.97 ± 1.82 mm is less than 6 mm suggested by Leakey et al. (2005) as the threshold value for the class of pears with thin pulp. So the African pears in Makurdi can be described as small pears with thin pulp. Table 2 gives the correlation table for the eight parameters investigated. Some of these parameters like the length, mid-length diameter and mass of individual fruits are all measured directly and nondestructively unlike pulp thickness, density, volume and seed weight which are either indirect, derived or destructive measurements. Therefore, the high correlation of these parameters measured directly and non-destructively with the less economic determinations means that the simpler ones can be used to predict the more difficult parameters.
Interestingly three easy-to-measure parameters of length, mid-length diameter and fruit mass all have high positive correlation with both pulp thickness and pulp mass. An example of the application is the use of fruit mass to determine the pulp mass. The pulp is 66 % of the fruit by mass. This percentage can be used in an oil production process line to predict the amount of pulp available for oil extraction Figure  2 which was used to convert the thermocouple readings to temperature, °C.
Heat of respiration:
The relevant temperature readings and the corresponding enthalpies together with the parameters in the descriptive statistics plus specific heat of pears as given by Mosennin (1980) were substituted into equation 2 to get the heat of respiration at various treatments. The ANOVA for testing of the significant effects of fruit size and initial storage temperature as indicated in Table 3 shows that only initial storage temperature has significant effect on HOR of African pears at α = 0.05 while both fruit size and interaction have no significant effect. Since fruit size of African pears were fund to be insignificant the heat of respiration at each of the three initial storage temperatures were lumped together for separation of means using t-Test: TwoSample Assuming Unequal Variances of Microsoft Excel. The HORs were 0.000415042, 0.0011459 and 0.002479806 w/kg at 20⁰C, 30⁰C and 40⁰C respectively. Using the conversion factor given by Baerdemaeker et al. (2006) to convert the HOR given generally for pears by Wills et al. (1989) for the temperature range of 20°C to 30°C obtained in this study for African pears is slightly higher than the Q 10 value for respiration for many products which Baerdemaeker et al. (2006) put at between 2.0 and 2.5 in the temperature range of 2°C and 25°C. This might mean that the mass loss and heat produced by African pears will increase more than that of many other biological materials either when it is at a temperature higher than 20°C or there is a fluctuation in temperature in the course of transportation or storage leading to attainment of temperatures higher than 20°C which may be the reason for self-cooking in a package of African pears during handling and storage in the tropics like Makurdi, the area of study.
CONCLUSION
Length of fruit is the best criterion for classifying the fruits of African pears. The mean parameters of the fruit are 52.21 ± 1.58 mm, 26.91 ± 0.89 mm, 31.16 ± 1.28 g, 4.97 ± 0.18 mm, 20.52 ± 1.16 g, 10.62 ± 0.44 g, 3.65 ± 0.37 cm 3 , and 1,078 ± 22.2 kg/m 3 for fruit length, mid-length diameter, weight, pulp thickness, pulp weight, seed weight, volume of fruit and fruit density respectively. African pears in Makurdi can be described as small pears with thin pulp. Three easyto-measure parameters of length, mid-length diameter and fruit mass all have high positive correlation with both pulp thickness and pulp mass and can be used to predict them. Based on the values of HOR and Q 10 of African pears in the hot tropics it is safe to store African pear at 20°C to prolong the shelf-life whereas an increase in storage temperature of 10°C or 20°C could accelerate spoilage three or five times. 
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